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Polyaniline (PANI) nanofibers with the characteristic of conductive polymer and 
nanomaterial have received researchers’ intensive interest in the fields of science and 
technology. Now, the synthesis of PANI nanofibers have been able to be easily 
achieved, but how to realize the shape control of PANI nanofibers on a large scale, 
especially on the surface of macro substrate is still a challenge for the researchers. 
This thesis proposed a simple and effective one-pot synthesis method, “competitive 
adsorption-restricted polymerization”, which successfully realized accurate 
fabrication of PANI nanofiber integration on two kinds of three-dimensional (3D) 
spherical substrates with micro or millimeter scale. And then this thesis focused on the 
function study of these two kinds of materials with dual scaled structure. The main 
contents are listed: 
Firstly, polystyrene (PS) microspheres as the spherical substrate were decorated by 
PANI nanofibers. Under the optimal synthetic condition, PS microspheres with the 
diameter of 1.56 μm were successfully prepared by dispersion polymerization. On 
basis of this, the PANI nanofibers were coated on the surface of the PS microspheres 
via “competitive adsorption-restricted polymerization”. The size, ordering and amount 
of PANI nanofiber on the three-dimensional surface can be particularly controlled by 
altering a variety of synthetic conditions, such as the amount of cationic surfactant, 
temperature and aniline concentration. The PS/PANI mirospheres with micro/nano 
hierarchical structure was characterized by scanning electron microscopy (SEM), 
transmission electron microscopy (TEM), Fourier transform infrared (FTIR) 
spectroscopy, UV-visible spectroscopy, XRD and elemental analyses. Furthermore, 
the conductive and superhydrophobic properties of the micro/nano hierarchical 
structure were investigated, which made the application of micro/nano hierarchical 
structure has tremendous possibilities. The reaction mechanism of “competitive 















through studying the action of the reagents, the reaction spot and tracing the reaction 
process. 
Another three-dimensional (3D) spherical substrate, calcium alginate (CA) gel 
particles with millimeter scale was chosen to load PANI nanofibers. Based on the 
results about the synthesis of PS/PANI microsphere, two synthetic conditions relating 
with morphology of PANI nanofiber on the CA surface, namely aniline concentration 
and dripping speed of oxidant were further investigated. The resultant product was 
characterized by scanning electron microscopy (SEM), Fourier transform infrared 
(FTIR) spectroscopy, and elemental analyses. The PANI/CA gel with 
nano-/milli-meter dual scale was used for the Cu (II) and Pb (II) ions uptake, the 
experimental results of which were good. The Cu (II) and Pb (II) ions removal 
properties of the PANI/CA hierarchical adsorbent were evaluated in terms of the 
sorption kinetic, sorption isotherm and the effects of solution pH, which offered the 
useful theoretical evidence. Desorption studies of pre-adsorbed samples in Cu(NO3)2 
or Pb(NO3)2 bulk solution was also discussed, which reinforced the application 
possibility of the absorbent. In order to improve the metal ions uptake property of 
PANI/CA hierarchical adsorbent, the CA microcapsule coated the PANI nanofiber was 
synthesized. In this part of synthesis work, the core/shell PS/CA microspheres were 
firstly fabricated, and then decorated the PANI nanofibers. The PS core was removed 
by the solvent. The Cu (II) and Pb (II) ions removal property of resultant PANI/CA 
microcapsule was compared with that of PANI/CA absorbent with nano-/milli-meter 
dual scale. Finally, the influence of PANI nanofiber on the CA mechanical strength 
was investigated. The result showed that the PANI nanofiber could enhance the 
mechanical strength of CA gel sphere. 
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    2000 年，瑞典皇家学会将诺贝尔化学奖颁给了导电聚合物的三位发明




































表 1.1 典型导电聚合物的分子结构(未掺杂态) 
Name   Structure 
Polypyrrole 
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Polyacetylene 
  n  
1.2 聚苯胺 




























符的是 1987 年 MacDiarmid A. G.提出较为合理的苯式-醌式结构单元共存
的分子结构模型[3]： 
 
其中，y 值代表聚苯胺的氧化-还原程度，其值在 0 和 1 之间。当 y=1
时，为全还原态的聚苯胺（leucoemeraldine base form）；当 y=0 时，为全
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